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NOTICE: When government or other drawings, speci-
ficatiions or other data are used for any purpose
other than in connection with & definitely related
government procurement operatiocn, the U, S.
Government unereby lncurs no responsibility, nor any
obligetion whatsoever; and the fact that the Govern-
mert may have formulated, furnished, or in any way
supplied the said drawings, speclfications, or other
data 1s not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveylng any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.
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" "CORROSION PROTECTIVE SURFACE TREATMENTS FOR - DETERMINATION OF

;Uﬁolad 2020-T6 aluminum alloy is being considered for B-58 ‘
" application where parts may be subjJected to elevated temperatures.
.Considerable weight savings may be realized -in its use if the

: posure to elevated temperatures of 3000F and'359°F‘ror 100

. SUMMARY . ’ C - VoL

" -Uncoated and coated panels from each process were subjected to the
following: (1) no heat exposure, (2) 100 hours at 300°F, and (3)

.. water immersion environments. Tensile tests were conducted on
© ,coated and uncoated specimens which received the various heat
.. soaks and salt spray exposure.

(ﬂ “l:‘Type I, Type II and Iridite 14-2 coated 2020-T6 aluminum

" JP-4 salt water immersion. .

-~ -

~

PURPOSE v . . o R NN

alloy meets all the required properties.

The purpose of thié-test-was to evaluate the‘é;rrosion resistance
of unclad 2020 aluminum alloy when - protected by anodic coatings
(MIL-A-8625A) or by chemical film treatment (MIL-C-55/1)on ex-

hours each.

o »

Unclad 2020-T6 aluminum alloy received Type I and II anodic
coatings per MIL-A-8625A and Iridite 14-2 coatings per MIL-C-5541.

100 hours at 350°F. The panels were then exposed to 20% salt
spray, 1200F.; 95% relative humidity, and 3 phase JP-4 salt

Test results revealed that 100 hours exposure to 300°F had
little effect on the tensile propertles of coated and uncoated
2020-T6 aluminum, whereas a similar exposure at 350°F decreased
the yield and ultimate strengths by 13 to 22 percents

. . - - {
Specimens representing all three.cdoating processes passed the
tensile requirements of MIL-A-8625A (Type I and II anodize, and
MIL-C-5541 (Iridite 14-2) after salt spray exposure alone. .
However, elevated temperature exposure decreased the salt sgray
corroslon resistance of all specimens.

exhiblted .o visible signs of corrosion after 360 hours exposure
to 120°F, 95% relative humidity or 48 hours exposure to 3 phase
e e . ".‘“,,_'/i . B .l ; S
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- OBJECT: . _ . v
. To investigate the .corrosion resistant properties of Type I~ =
"~ © and Type II anodize and Iridite 14-2 coatings on bare 2020-T6-
aluminum alloy after 100 hours exposure to elevated tempera-..
. tures of 30C and 350°F by determining the following:
|  5 .-+~ I, Porosity By . - . f"‘&-“ ' RS
' a) 8alt Spray", = N
b) ‘Humidity . S
. ¢) JP-4 3 phase immersion ‘ o s
II. Tensile Properties L WL f |
. : . B B W PR
A TEST SPECIMENS, MATERTALS, AND EQUIPMENT: - .
gé - I, Specimens. . -~ ~ » a | ’ f' _ -
i e " Item U - . _Qty. " size I Source
L1 Bare 2020-T6 ¢ 13 . 0,100"x10"x12"  Aluminum Co. of
et Aluminum Alloy . | . .. America,
o . e Alcoa, Tenn.
b ‘;"-"‘A i
i . II. Materials
. Item : : T L o - Source
Type I (chromic acid) | Prepared per MIL-A-8625A
Anodlze Solution . in Engr. Chem. Lab.
N P Type II (sulfuric acid) T -
. 53§5A~Anodize Solution . : - o
Il RS Iridite 14-2 Solution . Prepared per MIL-C-5541
S o o ‘ in Eng. Chem. Lab. .
o III. Equipment '
REEN “ Ttem oo . . ‘ Source
B ' 7 o -
S Salt Spray Cabinet Ind. Pilter and Pump Mfg. Col
i ' ‘ Chicago, Ill.
.‘”t} . Humidity Cabinet = . .. American Instrument Co.
,51;* ; ‘ . Silver Springs, Md.
it o ,
cee
".;éﬁ.\m:“’c" $nitT . . Ce .‘ . L0 Y . Deportmant §
BT N Lo S , e . : FWP 1072854
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:7i III.  Equipment (Continued) S o
P “f"‘;teﬁﬂ».‘ S . Source ,
:Tensiié-Machine L < A. H. Emery Co. . ¢ S
: Ve .. . - Stamford, Conn. T
Blue "M"'Eléctric;Oveh' ) i Blué "M" Electric bo, C
. BT - 3500F . Blue Island, Ill.. \
PROCEDURE: 4 ' ‘
e M

‘The test was conducted in four parts. Three 0,100" x 10" x.12"
test panels of bare 2020-T6 aluminum alloy were’coated by each
... .., of the three processes; Type I anodize, Type II anodize and
L. Iridite 14-2, Four test panels of bare 2020-T6 were left
‘., f1-+ . uncoated and used for control specimens. The test panels were
, s W+ eut from the same sheet of material to prevent large variatloas
“+ 1 . in chemical and physlcal properties between samples: ~Type I

.# . and Type II anodize were applied per MIL-A-8625A. Coating

Y welght was determined and found to be well over the minlimum
; welght required in both cases. The Iridite 14-2 coating was
- - applied per MIL-C-5541. Panels of each of the three coating
=i | processes and uncoated controls were subjJected to: (1) no -
-3, . heat, (2) 3009F for 100 hours, and (3) 3500F for 100 hours.
.7 The specimens were then sheared to desired sizes for testing. -

B »'“;The following tests were performed:

(~). Salt Spray: One 5" x 6" panel from each coating process
. ancd heat soak was subjected to salt spray per FTMS 151,

- Method 811. Type I and Type II anodized panels.were
supported at a 6° inclination from the vertical for a
total of 240 hours. Panels coated with Iridite 14-2
were supported at & 6° inclination for a total of 168
hours. All panels werc examined every 24 hours until pit-

A ting developed and then the exposure was continued until

TN v e total time had elapsed.: Uncoated 5" x 6" panels were

SRR 3 - tested as gontrols. .

- .7 . (2) Humidlty: One 5" x 6" panel from each coating process:
e and heat soak was subjected to 1209F, 95% relative
N ~ hunidity for 360 hours per Procedure 3 of MIL-E-5272A.

ol The panels wére examined every 45 hours untll pltting
R SO P - developed and then the exposwre was continued until

S IS total time had elapsed. Uncoated 5" x 6" panels were

B i tested as controls. . o ,

-
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imew:{3)-. . Three Phase Immersion: One 5" x 6" panel from each . . |- ..
3 . coating process and heat soak was subjected to 48 hours
-7 . ... three phase immersion (JP-4, JP-4 vapor, 3% NaCl
T ‘solution at 140°F). The panels were then_examined for
PRI - pitting. Uncoated 5" x 6" panels were tested as controls.

(h) Tvnsﬁle Flve coupons of each coatirng process and heat

: soak wcre prepared for tensile tests per FTJ 4751-38%
Lo . The tenslle tests were conducted per FTMS 151, Method 211,
S on uncozted controls and coated specimens after exposures
- .of. zero, 168 hours, and 240 hours in salt spray .

. RESULTS - ] e
‘W”"‘ The results of the various parts of the test are given in
L tabulated form as follows: AR

. f) “Table I lists the number of pits/in2 for each coating
‘ ~ process and heat soak after various salt spray exposures.

(2) .Table II(A) gives the number of pits/in2 for each coating
s . process and heat soak after 360. hours in. the lEOQF,
N ' 955 relative humidity cabinet.

0 (3) Table 1I(B) shows the effects of three phase 1mmersion
Cone ' ‘on each coating process and heat soak. - :

?517‘W-(4)' ‘Table III gives the'results of tensile tesfs.

o TAj“;:'£5) Table IV shows the operating conditions of the salt
Sl RIRL spray chamber during specimen exposure.

DISCUSSICON

" Type I and Type II anodize coatings were applied per MIL-A-8625A.
-+ . Iridite 14-2 chemical film was applied per MIL-C-5541. All
~ three coatings were applled to bare 2020-T6 aluminum alley.

Table I shows that 2020-T6 aluminum allay, when soated by
the two processes Type II anodize and Iridite 14-2, exhibit
. excellent corrcsion resistant properties in salt spray environ-
" ment when not subjJected to elevated temperatures. However, the
. same Lype specimens when subJected to elevated temperatures
- . show corrcsion present after three to nine days salt spray

SR exposure. The 2020-T6 aluminum alloy when coated with Type I
o rooanodsze snowed corrosion on panels both with and without heat
soaks from three to seven days in the salt spray chamber.

' Table II(A) shows that only the 2020-T6 aluminum control

.. panels (with no protective coating) exhibited corrosion

¢ after 360 hours exposure in the humidity chamber. All coated

+~ panels paused the required humidity exposure time w‘th no signs .
i of corrosion. . . '

. *Ses Supplcmental Sheet S~1,

YTILITY REPORT SHEET . . R Department §
R ) P . . i , ' FWP 1072~8-54
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N Results of JP—4 three phase immersdon test given in Table II(B)
- indicate no corrosion problem exists on coated panels or
. uncoated controls after 48 hour exposure. .

- "The resulus listed in Table III show that the tensile properties
- of 2020-T6 aluminum alloy are slightly decreased by 300°F .

7" heat exposure whereas 350°F heat exposures decrease the

. yleld strength by 16 to 22% in all cases (coated and uncoated)
and the ultimate strength by 13 to 164%. Salt spray exposures
alone ‘seemed to have very little, if any, effect on the tensile

~ propertles of 2020-T6 aluminum-:alloy._

CONCLUSIONS: S , o

- The corrcsion reglstalt properties of Type I and Type II
anodize and Iridite 1l4-2 coatings on bare 2020-T6 aluminum
alloy when exposed to elevated temperatures were investigated.

) - The results of these investigations lead .to the following

SR conclusions:

LY r MmN

o I. 'Temperature Resistance

A. One hundred hours exposure to 300°F has little
effect on the tensile properties of.coated and
uncoated 2020-T6 aluminum alloy.

" B. One hundred hours exposure to-350°F decreases the
yield and ultimate strengths of coated and uncoated
2020~ To -aluminum by 13 to 22 percent.

_fﬁf ' II.. Corrosion Resistance
Klu.iigfxtlg~ ' A, Salt Spray: Type I anodized 2020-T6 aluminum
R N exhibits 5 pits per square inch of exposed surface
S i.ﬂ“ . ' after 240 Liours salt spray exposure., Type IIL
. 4

PR " anodized and Iridite 14-2 coated 2020-T6 aluminum
SR exlhiibit no visible corroslon after 240 and 168 hours
Tt salt spray exposure respectively. All coated

specimens pass the tensile requirements of MIL-A-8625A

(Type I and II anodize) and MIL-C-5541 (Iridite 14 2)

after salt spray exposure.

,<
Ay

) L Clevuted temperature exposures decrease the sait
PR PR ' spray corrosion resistance of coated and uncoated
S IR 2020~To aluminum. The tensile properties of coated
IR specimens exrosed to temnerature and salt spray

Ll are approximavely tlie sume as those for uncoated

Pl el specimens.

B. MYumidity and 3 Pnase Immersion: Type I, Type II,
and Iridite 14-2 crated 2020-T6 aliuminum show no
visible signs of corrosion after 360 hours exposure
to 120°F, 95% relative humidity or 48 hours exposure to
3 phase JP-4 salt wuler immersion.

VIV REPORT SHEET S : : ‘ Department 6
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) RESULTS ‘OF SALT SPRAY TESTS .. = . i« PR
- ~ RN N TN
‘ 100 Hr. Salt .| Specimen - |lmber-of days ex~ | Number of pits/ine
,‘% , Hoat Spray Thamber posed at firast sim after total ox=
Ereahne;nt Exposurs Exposure - of oarrosion. .poswre period,-
8 .. | Xo Heat Pits t
§ iy Exposwrs 168 . 1620 2 days fo Aoumbe
RE S . Pits t 20T A
ﬁvg o ‘« 2140 Ire 21"'25 2 daya . ta ign::-nmc o
: ~§§ . lone 26-30 —
e C . - P1ts too numorcus
ClgE Sy | o0 F e | lads S g,
- RS _ . P 3 too nwmorous
o . §§§ : : 2110}11'. L16=50 ~2_days o _count,
e fa’ " ione 51=5% Tt =
L ; 8 TOO NUmMOrous
3 g-‘ Dy -3500,}? | 148 Tira £6=T0 2 dave +o count,
R o ] ~ Pits too mmorous
Lo 2o B, - | _71-75 2_days to count.
NI B None -1 76=-80 —_—
NN o Yo Heat -
R s ., < |Exposure 20 He, | | 9195 7 daya 5 pita/in?
}}% EE &é‘ 5600 o Yone 96=10)
RN 4 H'g A 20 My !_},H,_-_}_L5 L daym 8 pits/in®
oiefenil Y.ono 116-120 —
wgﬁéﬁﬁ 550° F . .2
: 20 1r, 131135 . 3 daym 1l pita/ix
j \9’* 9 |-Yo Heat aoue _136=10 . T . -
O 888 Armonre | S0, | 151155 | mo visible pits  |aRass.o o o
o SRER Yona | 166160 -
L a"‘.‘_, <o 3009 F i L pits ovor entirq |,
AV e .EH S j : 240 Er, 171=175 9 davg surfese - L}_pﬁ.ii_n,
2 §3 é:'g‘,'; 5500 § Hono 176-180 I — -
J - 1TSS Oovour contilir
vt § <d 2,0 Fr, 151-195 -9 _davs nugi"\co. J3 L“l 3
a Yo lieat tono 1046=200 ’ - .
N N * Lo pits over oniire
: fq Exposure | 160 Hre | 211-215 | 5o wyigible pits surfanc,
S EETT Yona _|_216-220
} S PR , Tits Too nuacrous
. . PO RN | 168 r, 251=235 LN to _count,
~.4 3o ot T
SR % g "gf,:-c: 3500“ Yons 236-21,0
a5 « o ; Iy . s -
ke 160 Tr. | 251-2% ' | ‘o visible pits - | Ko pits over cmtire
md the ruul‘u wors roproducxh;,g(\.m,“
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100 i, * " >
4 ‘| Number of days ex= |Imber of pits/inf
o Heat Specimen | poged at first sign)after total oxe
* Troatment -Exposure | Iumber of carrosion, posure period,
Bnre Xu2020aT6 o feat, | 11-15 7 daym e ix
o ‘ I ; - ' 0 oS
; Ea"eria.l with no 300 F 36010 6 avy tg countia .
|_trentment, - 4 350 F 61-65 L davs o
: - . . - . {llo p1t 1cire
, 'fﬁ:éﬁoﬂti Type I |—JoBeat |~ 86-00 | No pits visible  lourbaga o> O
3 ;,A_‘.Anodize. Applied per 3000 ¥ 106-110 T ' » N
. 1-5»862%. L 3500 F 126-130 n . 4 PR
-Bare X«2020-76 4 o
- Vn i . 116-150 ‘
‘Material with Type II OC“ = - —
Anodize, Applied por |_300 166-170 ]
Hil*-Aa-Bé?. . 3520 186—190 " n
.Bere x-2020-T6 . T e n n
AMaterinl with Iridite —bofead | 200-210 - .
M2, * Applied per - 3000 F 226-230 :
% zm-c-55111. 3500_. F aus.zso " n
; '(B.) JP-d; ’f‘k"ﬂ-el)]ian. 1mers*cn tc L (18 hours exvosure) :
ﬁua.‘aorial 100 I're | Speoimen S
’4‘ Hoet Nurber Comments
Ixposure : {
! . 4
o :-Bare x.zoao-;é No Hc;at Aé_lo Yo pits over entire surfaco,
l!ataria.l u‘l‘bh no 2000 3 2776 - '
oL trea.‘l:mexr!:. ',5:'00 bl 56_& n
' = 4{. P Bare X=2020-T6 o Feat 81-75 "
1 aterial with Tyvo I 0 -
| Avoddze, Appliod por | Z207F 101-105
W | Mil-A~8625A. 3507 F 121-125 . n
- Baro X=2020-T6 Yo Ynak 1o / u
| L u..orial with Type II |~ at e -
‘| Aneidze. Applied per | zn-0 7 161-145
i?;;-.&-s&._. 3,{)0 ? 1812185 LJ ]
Bare X-2020-16 Yo iivat £31-205 " '
7 ¥nterial with Iridite o - -
T3L2, toplded per 300Y F 221225
Eth 3500F 211-2L5
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S " Ayorape Temsile Pro erties
Lol N Spray , Spooimen ) Yield  Ultimate Peroent
Exposwre | Exposure Kmanp : PSI . BI Elongation
" | %o Heat | Wome " | 18 75,075 79,800 8.
| Bxposure [ 168 Hr. | 15-20 | 75,680 7} 80,280 A
-t lgho Ee, 1 2125 76,640 82,040 _6.2
oY . jXome 26=20 72,620 — TT.180 - 7.6
"3000%. L2168 e, | l3-LS 132020 77,880 645
| - - lehome, - | L6e50 73,380 T7.880 Telt
Coe L Nema | 5l.ss | 58,700 66,950 742
! e R 5500 a6 Ee, | 6610 56,060 66,50 |+ 1.3
At . o m, | T1-T5 56,880 66,080 8.2
¢ MR | WoHoat | Mome' | 76-80 7,666 79,350 7u8_
55 | Bxposure | 200 By | 9105 76,140 81,100 8,5
‘i‘g ’Qg oy | tiema L 06100 72,800 17,360 Tob____
3»«’8“? 0 o lan-us 71,000 77,590 747
o géi o | —daa_ lul120 | doeo - | ér.00 8,2
R ICE L N plome, |131135 | sgso0 | eg300 | 0.5
RN Ky No Heat Xane 136-140 3aki20 18,760 Te7
T %y | emomce |20, | 5-1% 73,600 80,00 | 7.8
8 .g_g BR ' Yone, . | 156-160 73,000 78,120 6
ia? :q’ 3000 P : . - LW . Ta
gl B : 2l rr, 171-175 734320 17252 249
; .!é § g:%:l; 550 7 Yono , 176-150 01,760 68,520 748
3 i 20 Frg 191-165 61,720 68,600 . L
R ¥o Heat Yone 166-200 ’ 7h;520 © 79,560 R
b }2‘,5(\1 Exoommre | 168 He. | | 211-215 75,260 79,700 7.6
- &; 3 §m o Yoms | 216-220 72980 77,70 7,5
REESE T s, | 2514235 Bl | 70,020 1" 7.3
: ?-3% - " ~'L_Xone 23620 |~ 58,840 ' 67,1160 7.9
SRR PP Mow, [mees | euow | e | 70
1 . . K R

M. georr sueeT ¢ - . & Peroent elongation in 2 inches. . -+ .- Depertrient 6
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